Undoped Nickel oxide (NiO) thin films were deposited on 500 ˚C heated glass using spray pyrolysis technique. Effect of volume sprayed solution on structural and optical properties of NiO thin films was studied. Volume amount was ranged in 5 -30 ml and stepped by 5ml. X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR) and UV-visible spectrophotometer were used to investigate elaborated thin films. XRD results show that the deposited films with volume lower than 10 ml is amorphous and with increasing volume up to 10 ml NiO thin films structure become polycrystalline with cubic structure and (111) as preferential orientation. An increase in diffraction intensity of preferred peak and narrowing in full width at half maximum were observed with sprayed volume increasing, which leads to better crystallinity of NiO thin films. Also it was observed that the grain size increased with increasing volume solution and were averaged in 10 -28 nm. FT-IR analysis of product confirms the NiO bond formation and the results were compared with previous studies. All films exhibit an average optical transparency between 50 % and 80 % in the visible range and their band gap values are ranged in 3.38 -3.62 eV.
INTRODUCTION
Transparent conducting oxides (TCOs) are a unique class of materials that exhibit both transparency and electronic conductivity simultaneously; as important fields in semiconducting transparent films materials science are their fundamental studies and applications aspects. The common TCOs are binary compounds [1] . TCOs are wide band gap semiconductors that have a large area of applications in transparent electronics such as transparent diodes, transparent transistors, sensors, displays, touch screens and solar cells. Most of them are n-type semiconductors, such as tin dioxide (SnO2), zinc oxide (ZnO), cadmium oxide (CdO), etc. [2] . However the current research is focused on preparing ptype transparent semiconductors materials [3] . Among these materials, nickel oxide (NiO) is one of the few known p-type semiconductor; which is stable and transparent transition metal oxides. Its band gap energy ranges in 3.6 -4.0 eV. NiO thin films have attracted special attention due to its interesting optical, electrical and magnetic properties [4] . Also due to their technological applications, NiO thin films draw considerable attention, such as anti-ferromagnetic materials, electrode material for Li-ion batteries, hydrogen gas sensing and anode of organic light-emitting diodes [5 -7] .
According to the literature, NiO films can be grown using various techniques including electron beam evaporation, pulsed laser deposition, RF magnetron sputtering, chemical vapor deposition (CVD) and bath deposition (CBD) and spray pyrolysis (SP) [8, 9] . All these methods offer different advantages depending on its application of interest. Many efforts have been conducted to obtain films with the desirable physical and/or chemical properties. Among those methods, (SP) is considered as promising technique, which holds several key advantages, such as low cost, simplicity of the apparatus, homogeneity over large areas of deposited thin films and good control of the composition and structure [10, 11] . With SP method, the growth of films can easily be controlled by one or more deposition parameters such as spray rate, substrate temperature, doping concentration, nozzle distance and carrier gas flow-rate. We focused in this study on the effect of sprayed solution volume on structural and optical properties of NiO thin films deposited by the predicted method (SP) with fixed temperature. For this X-ray diffraction, Fourier transformed infrared spectroscopy FT-IR measurements and UV-visible spectrophotometer where used to study the envisage properties.
EXPERIMENTAL PROCEDURE

Synthesis of Thin Films
NiO films were prepared by spray pyrolysis process with different amount of volume. Range of spraying solution volume was varied from 5 ml to 30 ml with step of 5ml. As source of nickel a starting solution was prepared by dissolving 0.5 M (Ni (NO3)2.6H2O) in 40 ml double distilled water. The solution was stirred thoroughly using a magnetic stirrer at 50 ˚C for half an hour to yield a clear and transparent solution; then it was sprayed on 500 C heated glass substrate. Other deposition conditions such as distance nozzle-substrate was fixed at 45 cm, whereas sprayed flow rate of the solution was taken 2ml/min, each spray time took 10 s and time interval between successive sprays was 10 s to maintain constant the heat of substrate. The later was (R217102) microscopic glass slide in size of 
Thin Films Characterization
The structural properties of prepared thin films were investigated using X-ray diffraction (BRUKER -AXS type D8) equipped with X'Pert High Score under Cu Kα  
1.5406Å
  radiation. The scanning range of (2θ) was taken between 20˚ and 90˚. Survey of NiO bonding formation was obtained by Fourier transformed infrared spectroscopy (Shimadzu IR-Infinity1); for all prepared samples the scan of the FT-IR measurements was performed in (400 -4000 cm -1 ) range. The optical transmission spectra were obtained using an UV-visible spectrophotometer (Shimadzu, Model 1800); the scanning measurements were ranged in 300 -900nm. Film thickness (t) was measured by the well-known weight difference method considering the density of the bulk nickel oxide taken in this work (6.67 g/cm 3 ). All measurements were carried out at room temperature (rt).
RESULT AND DISCUSSIONS
Structural Properties
At various sprayed solution volume, X-ray diffraction patterns of the sprayed NiO thin films, on 500 ˚C heated substrates, were scanned in 20 -90˚ range and shown in Fig. 1 . It has been observed from this figure that the film prepared with 5ml spraying solution volume is amorphous in nature, indicating a poor crystallinity of the film. This may be due to the dispersed starting nucleation of NiO formation. With increasing the volume to 10ml, only one peak at (111) was observed whereas for the others (15, 20, 25 and 30 ml) sprayed solution volume, one can observe that two peaks are present at 2 37.2   and 43.3˚ assigned to the (111) and (200) crystal planes respectively, these diffraction peaks were indexed to the face-centered cubic (FCC) crystalline structure of NiO and matched well with the standard spectrum (JCPDS, No. 47 -1049) under the space group Fm3m (225). The presence of such peaks indicates that the films are polycrystalline in nature. From the XRD analysis it was found that the (111) peak has the highest intensity indicating the preferred orientation. It can also be seen from Fig. 1 that the intensiy of the peaks gradually increases with spraying solution volume. The increase in the intensity of the peaks may be attributed to the increase in the degree of crystallinity caused by increasing of the sprayed quantity in conjunction with heat stay at 500 ˚C of samples due to time deposition of solution. Similar results are also reported in literature [9, 13] .
The lattice parameter a of the deposited films has been calculated from the values of 2θ and inter-planar spacing relation for the cubic structure of NiO. The mean strain  developed in the prepared NiO thin films was calculated using a and a0 which are the lattice constant of the prepared NiO thin films and a0 the standard lattice constant of bulk material ( The average grain size was calculated from DebyeScherrer formula [2] :
where G is the grain size,  is the full width at halfmaximum (FWHM) of the most intense diffraction peak,  is the X-ray wavelength (1.54056 Å) and  is the Bragg angle at (111) peak. The dislocation density δ was calculated from Williamson and Smallman's formula [11] :
where, n is a factor taken equal to unity,  gives the minimum dislocation density and G is the grain size.
Average grain size G, dislocation density , lattice constant a and mean strain , of the NiO thin films are presented in Table 1 with different sprayed volume. As can be seen, the calculated lattice parameter values are lower than standard a0 given by the cards (JCPDS, No. 47 -1049). The deviation in the values of the lattice constant of the as-prepared NiO films from the bulk value indicates the presence of strain in the films. The origin of internal strain is related to the grain size of the film, which depends upon to deposition condition of the films [14] . Fig. 2 shows the variation of grain size, calculated using Scherrer's formula of the NiO samples versus sprayed solution volume. As can be seen the value of grain size was found to increase from 10 nm to 28 nm with increasing of sprayed solution volume from 10 ml to 30 ml respectively. These results confirm the enhancement in the crystallinity of the films. Furthermore, the increase in the grain size indicates a decrease in the lattice defects, which in turn reduces dislocation density as seen in Table 1 . and carried out in literature [15] .
Fourier Transform Infrared (FT-IR) Analysis
To further support the XRD results, the quality and composition of NiO thin films were investigated by FT-IR spectroscopy. FT-IR is known as one of the very useful method to find out information about chemical bonding and identification of material elemental constituents. Metal oxides generally give absorption bands below 1000 cm -1 arising from inter-atomic vibrations [16] . FT-IR spectra in of the NiO thin films prepared with spraying solution volume ranged in 5 -30 ml are represented in Fig. 3 . From 5 to 15 ml sprayed solution volume, as seen in Fig. 3 (a) which shows absorption wave number bands located at 420, 423, 447, 476, 515, 570, 620, 674, 723, 750 and 820 cm -1 which were assigned to Ni-O stretching vibrations modes [17 -25] . Fig. 3 (b) represents the FT-IR spectra obtained from the NiO films prepared at sprayed solution volume varied from 20 to 30 ml ,one can observe that absorption bands at 420, 430, 440, 466, 580, 612, 640, 678, 713, 790 and 820 cm -1 corresponding to a stretching vibration of the Ni-O bond and also authenticates the presence of NiO material [17 -19, 22 -25] , whereas bond at around 466 cm -1 is resulting from the NiO lattice vibration [25] . It worth noting that absorption band at 820 cm -1 appeares in all spectra; this bond is evaluated using Hook's law giving by the following formula [26] :
where c is the light velocity, k is the bond force constant and  is the reduced mass of nickel and oxygen atoms. Thus the position of specific band absorption of nickel oxide powders is determined on the basis of the bond force constant k  5.105 dyne/cm and the reduced mass   1/mNi + 1/mO which leads to an ab-sorption bond at 821 cm -1 closely to the observed one in all spectra of Fig. 3(a-b) . A drastic decrease in transmission is located between 300 -360 nm revealing the region of the absorption edge in the layers due to the transition between valence and conduction bands due to onset fundamental absorption.
The thickness (t) of the films was calculated by using weight difference method. Thickness values are reported in Table 2 . As can be seen from Fig. 5 , film thickness increases from 168 to 223 nm when sprayed volume solution increases from 5 to 30 ml. This reveals the amount of sprayed quantities of material hence precursor concentration was kept constant during the deposition process. The absorption coefficient has been calculated from Lambert's formula [9] :
where T and t are the transmittance and thickness of the films respectively. The dependence of absorption coefficient on photon energy in the high absorption regions is carried out to obtain the detailed information about the energy band gaps. The optical energy gap values depend in general on the structure of the films. The band gap values are obtained from the Tauc's relation [5] :
where α is the absorption coefficient, (hν) is the photon energy, B is a constant which does not depend on photon energy, Eg is the optical band gap, and n is an index characterizing optical absorption process and it is theoretically equal to 1/2 or 2 for indirect or direct allowed transitions respectively (in our case it was taken n  2). Direct band gap was determined by extrapolating the straight-line portion (h) 2 vs (h) to the energy axis at (h) 2  0, as shown in Fig. 6 . Obtained Eg values are given in Table 2 . As clearly seen from this table, optical band gap variation of NiO thin films is ranged in 3.59 -3.55 eV when solution volume changed from 5 to 30 ml. Those obtained Eg values are in good agreement with earlier reports [27] . Fluctuation in optical gap energy which is directly related to presence of energy levels in the gap of material. This suggests modifications in its electronic structure. The width of the localized states, what so called Urbach tail, is available in the optical band gap of the NiO films and affects both optical band gap structure and transitions. Urbach tail is related directly to a similar exponential tail for the density of states near band edges as can be expressed by the following relation [11] :
where α0 is a constant, (hν) is the photon energy and Eu is the Urbach energy which refers to the width of the exponential absorption edge. Eu can be estimated from the inverse slope of the linear plot between Ln(α) versus photon energy (hν) for the NiO films with various sprayed solution volume. Eu values were calculated as the reciprocal of the straight line slopes and presented in Table 2 . The estimated Eu values are found to be averaged between lowest value 342.46 meV (for 5 ml [11] .
We can easily observe from Table 2 that Urbach energy is inverted to gap energy. Such decrease in the optical band gap with increasing Urbach energy can be attributed to the presence of unstructured defects that increase the density of localized states in the band gap and consequently decrease the energy gap and vis-versa [28] .
CONCLUSION
Nickel oxide (NiO) thin films have been successfully deposited on 500 ˚C heated glass substrates by spray pyrolysis technique. Effect of volume sprayed solution, ranged in 5 -30 ml, on structural and optical properties of NiO thin films was studied. XRD, (FT-IR) and UV-visible spectrophotometer were used in investigating elaborated thin films properties. From XRD results it was shown that the deposited thin film with volume lower than 10 ml was amorphous and with increasing volume up to 10 ml NiO thin films structure become polycrystalline with cubic structure and (111) as preferential orientation. An increase and narrowing in (111) diffraction intensity and FWHM respctively were observed with sprayed volume increasing, which leads to better crystallinity of NiO thin films. Also XRD results reveal that the deposited thin films have a good polycrystalline with 30 ml sprayed solution. Moreover the grain size increased with increasing volume solution and were averaged in 10 -28 nm. The film thickness increases from 168 to 223 nm with increasing sprayed volume of solution. FT-IR analysis of product confirms the NiO bond formation and the results were in agreement with previous studies. All films exhibit an average optical transparency between 50% and 80% in the visible range and their band gap values were ranged in 3.38 -3.62 eV. Elaborated NiO thin films leads to highly optical transparency are promising for optoelectronic devices in technological applications.
